Introduction
Job mobility, i.e., workers changing jobs across regions and occupational titles, 1 is a crucial mechanism to equilibrate disparities in local labor markets and, therefore, influence the job matching process and its efficiency (e.g. see Boschma/Eriksson/Lindgren, 2014) .
The literature on job matching efficiency typically relies on the estimation of job matching functions that relate the number of flows into employment to the number of vacancies and job searchers; compare with Pissarides (1979 Pissarides ( , 1985 ; Diamond (1982a,b) ; Mortensen, Dale T. (1982) and the surveys by Rogerson/Shimer/Wright (2005) ; Yashiv (2007) . Petrongolo/ Pissarides (2001) refer to the matching function as a black box because the multiple factors that can affect the hiring process are not observable at the aggregate level. Coles/Smith (1996) state that the estimation of matching efficiency at an aggregated level is substantially biased because the matching process takes place in local labor markets (Dauth/Hujer/Wolf, 2016) .
There are studies complementing the explaining part of both theoretic and empirical matching functions for local labor markets with spillover terms, particularly vacancies and unemployed from related local labor markets like nearby regions or similar occupations, therefore, showing the relevance of job mobility on job matching (Burda/Profit, 1996; Fahr/Sunde, 2006; Hensen/de Vries/Cörvers, 2009; Lottmann, 2012; Stops, 2014a; Haller/Heuermann, 2016) . These studies conclude that spillovers are important for estimating the direct effect of the unemployed and vacancies on the number of matches within a local labor market and should not be neglected.
Up to now, empirical studies fail to simultaneously analyze both regional and occupational job mobility, although job changes can be associated with a change of both the region and the occupation. In this paper, we incorporate regional spillovers, occupational spillovers, as well as combined regional and occupational spillovers in the matching function to study, to the best of our knowledge for the first time, how these spillovers simultaneously influence the estimates of the matching efficiency.
The notion of local labor markets in the literature is mainly related to regional labor markets. For instance, the studies of Burda/Profit (1996) ; Fahr/Sunde (2006) ; Lottmann (2012) ; Haller/Heuermann (2016) document the sizeable influence of the unemployed and vacancies in close local areas on matching. Nevertheless, the dependence structure of local labor markets goes beyond geography. For instance, Machin/Pelkonen/Salvanes (2008) and Hensen/de Vries/Cörvers (2009) report that educational levels significantly affect patterns of regional mobility, while Broersma/van Ours (1999) report different matching efficiencies in different sectors. Fahr/Sunde (2004) as well as Stops/Mazzoni (2010) document that matching efficiency is heterogeneous across different occupational labor markets. The 1 A part of the literature uses the term "job title" instead of "occupational title." This literature often refers to analyses where the assignment of employment across firms is important. In this paper we use the term "occupational title" because we abstract from firms and focus instead on the assignment of employment across regions and occupations. We define occupations as groups of jobs that share extensive commonalities in terms of skill requirements and tasks.
main caveat of their notion of occupational labor markets is that they disregard possible mobility across occupational labor markets, thus potentially biasing their results. Stops (2014a) documents the importance of spillovers between occupational labor markets. Analogously to the spatial order of regional labor markets, Stops (2014a) proposes and tests an "occupational topology" that describes groups of occupational labor markets that are assumed to be substitutes, whereas occupational labor markets in different groups cannot substitute for each other. The "borders" between these groups are defined by dissimilarities in job contents, formal requirements, and qualifications. This definition follows Matthes/Burkert/Biersack (2008) and is in line with Gathmann/Schoenberg (2010) , who state that workers can transfer their human capital across occupational labor markets, particularly between occupations with similar content.
The present paper combines the theoretical models utilized by Burda/Profit (1996) for regional spillovers and Stops (2014a) for occupational spillovers. Thus, our model considers regional, occupational, as well as combined occupational and regional spillovers in the job matching process. To estimate the spillover effects, we use novel administrative data for Germany that define local labor markets as a combination of the regional and the occupational dimension. Thus, the data contain information on the number of new hires, unemployed, and vacancies for each of 131,454 local labor markets that we define as intersections of 327 occupational orders 2 and 402 NUTS-3 local areas. These data cover the 2000 to 2011 on a monthly basis.
Then, we construct regional spillover terms based on measures of geographical proximity between local areas. Next, we construct occupational spillover terms by using the assignment of occupations with similar task contents and job requirements to occupational segments based on previous work by Matthes/Burkert/Biersack (2008) . Finally, we compute a combined spillover term by using the information of both the regional and the occupational spillover terms.
The estimation of an empirical matching function with fixed effects and spillover terms reveals that the spillovers significantly affect the matching efficiencies. Firstly, we find positive regional spillover effects of both unemployed and vacancies in nearby regions and a positive spillover effect of vacancies in similar occupations. This finding corresponds to the direct effect of additional unemployed and additional vacancies on the match probability.
In contrast, we, secondly, find a negative occupational spillover effect of unemployed in similar occupations. This can be explained by a negative indirect competition effect on the matching efficiency. Both findings can be also described by our theoretical model. Lastly, we find relatively small but positive combined regional and occupational spillover effects.
We conclude that neglecting one or more of the regional, occupational, and combined occupational and regional spillovers leads to biased estimates of the direct effect of the unemployed and vacancies on the number of matches within a local labor market.
The remainder of the paper proceeds as follows. Section 2 discusses the motivation for disaggregated matching functions and the existence of spillovers between local areas and occupations. Section 3 presents the data, while section 4 contains our empirical strategy and the results. Section 5 presents a robustness check for the specification of occupational segments. Finally, section 6 concludes.
Empirical Matching Function with Regional and Occupational

Spillover Terms
In the following, we discuss theoretical motivation for regional and occupational spillovers, incorporate them in the empirical matching function, and present our operationalization of regional proximity and occupational similarity.
Theoretical Considerations on Spillovers
Existence of spillovers over local labor markets can be explained in the theoretical framework of the bulletin board model (Hall, 1979; Pissarides, 1979) . Burda/Profit (1996) provide a version of this model for regional labor markets, whereas Stops (2014a) provides its version for occupational labor markets. Appendix A contains the version that differentiates between regional and occupational local labor markets. In all versions, workers send multiple job applications to the vacancies both in their own and the neighboring local labor markets.
The optimal number of applications sent to different labor markets is an outcome of maximization of expected benefits from a new job given the costs. The benefits from an application to another local labor market can be higher, but they come with an additional cost that is proportionate to the distance from the worker's current location to the local labor market she applies to.
Aggregating the individual search behavior over all local labor markets, the model reveals that the job finding probability can be both positively and negatively related to the number of applications. The positive correlation stems from the scope effect of having more applications in the labor market, whereas the negative effect stems from competition of applicants for vacancies. Therefore, allowing workers to search for jobs both in their own and in neighboring labor markets can be either positive or negative, based on the interplay of the scope and competition effects. Similarly, Albrecht/Gautier/Vroman (2003) , in an alternative model setting, conclude that multiple applications in a non-sequential search leads to a coordination problem, which results in additional search costs.
Spillovers in the Empirical Matching Function
In a homogeneous labor market, the matching technology between the pool of unemployed workers and existing vacancies can be described by a matching function. Without an explicit definition of the matching process, the aggregated matching function captures the technology that brings the unemployed (denoted by U ) and the vacancies (denoted by V ) together, resulting in a job match (denoted by M ):
where A describes the factor-unrelated matching productivity or the technology parameter, respectively. The parameters β U and β V represent the matching elasticities of unemployed and vacancies, respectively.
Labor mobility between local areas in order to overcome discrepancies in regional supply and demand is well documented in empirical studies (Burda/Profit, 1996; Fahr/Sunde, 2006; Hensen/de Vries/Cörvers, 2009; Lottmann, 2012; Haller/Heuermann, 2016) . Regional mobility varies substantially, even between European countries (van Ours, 1990) .
Although the overall mobility rates in Germany are moderate in international comparison, the yearly mobility rate between German districts (Kreise) rose from about five percent of all employees in the 1980s to about eight percent in mid-1990s (Haas, 2000) . Arntz (2005) documents substantial mobility of the unemployed across labor market regions.
Therefore, we assume that within a regional local labor market l = 1, . . . , L, the matching process involves both the unemployed and the vacancies from local area l, as well as the unemployed and the vacancies from other local areas m = 1, . . . , M, m = l. We assume that less distant local areas are more related to each other in terms of job search and worker recruiting than more distant local areas. Formally, this assumption results in an extension of the matching function by the stock of the unemployed U m with its elasticity γ Ur and the number of vacancies V m with its elasticity γ Vr in closer local areas m (this approach is similar to Burda/Profit, 1996) :
The connectedness of regional labor markets is highly non-random (Fahr/Sunde, 2006) . Lottmann (2012) provides empirical tests for spatial dependency in the German labor market, also showing that spatial dependency has grown since 2000. Most studies of regional spillovers in the matching function employ a geographic spatial structure given by geographic proximity between local areas (Lottmann, 2012; Haller/Heuermann, 2016) ; this approach is also often used for other applications in the spatial literature (e.g., Hautsch/Klotz, 2003 Kambourov/Manovskii (2008) and Stops/Mazzoni (2010) observe the strongest influence on the patterns of the matching efficiency on occupational labor markets.
The connectedness of occupational labor markets is observed based on the frequency of occupational switches (see Fitzenberger/Spitz, 2004 Thus, we assume that, regarding matches in occupation i = 1, . . . , I, the matching process can involve unemployed and vacancies from similar occupations j = 1, . . . , J, j = i. Consequently, we extend the occupation-specific matching function with U j with elasticity γ Uo and V j with elasticity γ Vo (compare also with Stops, 2014a):
Job search evolves simultaneously along regional and occupational dimensions, which should be reflected in the patterns of job mobility. We conclude that the matching technology for occupation i in local area l can be further adjusted by allowing spillovers from both occupations with similar contents j and other local areas m: 
Data
We use data on outflows from unemployment into employment and stocks of unemployed and registered vacancies. These data stem from a unique administrative panel data set for 327 occupational orders in 402 NUTS-3 local areas with 138 observation periods from January 2000 to June 2011. The occupational orders are coded according to the German occupational classification scheme (3 digits, KldB88). All the data stem from the Federal Employment Agency.
We separately compute regional and occupational lags of unemployment and vacancy stocks. For the regional lags, we define the proximity of two local areas to be represented by the distance between geographic centers measured in kilometers. Based on this information, a 402 × 402 weights matrix is constructed. This matrix is row-normalized and the diagonal elements are set to 0, which corresponds to the fact that a local area cannot neighbor itself. The resulting weights matrix W R is used to compute proximity-weighted averages of the stocks of unemployed and vacancies for each region in each single occu-
The vectorsŪ R andV R of dimension 131,454 contain the (contiguity) weighted sums of unemployment stocks, U im , and registered vacancies, V im , in other regions; the single elements of these vectors are denoted as U im and V im in equation (4). I 327 is an identity matrix of dimension 327 that corresponds to the number of occupational orders. U and V denote the vectors of dimension 131,454 containing all observations on unemployment stocks and registered vacancies, respectively.
Analogous to the regional proximity, we use an occupational "topology," which classifies occupations into groups that are similar based on their content and qualification require- (2008) see Stops, 2014b) . His topology is constructed for two-digit occupational groups, whereas this study relies on an occupational topology that is based on detailed three-digit occupational orders.
With information on occupational proximity at hand, we construct a 327 × 327 first-order contiguity weights matrix, in which an entry of 1 denotes two occupational orders belonging to the same occupational segment. We row-normalize it and replace the diagonal elements with zeros. Hence, the resulting matrix W O contains information on similarities between the occupational orders and it is used to compute occupational similarity-weighted averages of the stocks of unemployed and vacancies in each occupational order in each single
The vectorsŪ O andV O of dimension 131,454 denote the occupational similarity-weighted sums of unemployment stocks and registered vacancies in other occupations; the single elements of these vectors are denoted as U jl and V jl in equation (4). I 402 is an identity matrix of dimension 402 that corresponds to the number of regions.
In the next step, we combine regional proximity and occupational similarity by augmenting the occupational weights matrix W O with regional information. Technically, we compute the Kronecker product of W O and W R , thus
After row-normalizing and replacing the diagonal elements with zeros, we obtain a 131, 454× 131, 454 weights matrix W OR that is now used to weight the stock of unemployed U and vacancies V for all occupational orders and all local areas depending on occupational similarity and regional proximity to all other observations:
Here,Ū OR andV OR contain the sums of unemployment stocks and registered vacancies from all local labor markets weighted by regional proximity and occupational similarity; these sums are denoted as U jm and V jm in equation (4).
Finally, to obtain unbiased matching parameter estimates, we adjust the data set with observations for occupations and NUTS-3 regions, respectively, where vacancies, unemployed or flows into employment are zero. This leads to an unbalanced panel data structure with 2,394,250 observations. Table 1 shows some descriptive statistics for all measures. 
Estimation of Spillovers
Taking logarithms of the model described by equation (4) and adding a time index t for the month of observation yields the following specification:
The error term, il,t , consists of regional, occupations, and time fixed effects as well as a random error term, i.e., il,t = l + i + t + e il,t . Table 2 presents the results of the estimation of equation (9) using OLS and fixed effects estimators. 4 The results of the specifications (OLS), (FE1), and (FE2) are based on a basis specification of the matching function without spillover effects. The OLS specification does not contain any of the fixed effects. The specification for the results in column (FE1) is complemented with regional and occupational fixed effects and the specification in column (FE2) additionally contains time fixed effects. Specifications (FE3)- (FE5) are stepwise complemented with only regional spillovers, whereas specifications (FE6)-(FE8) are stepwise complemented with only occupational spillovers. Specifications (FE9)-(FE11) include only the combined regional and occupational spillovers. Finally, specification (FE12) contains the full set of regional spillovers, occupational spillovers, plus the combined regional and occupational spillovers. We calculate the standard errors using
White's heteroskedasticity-consistent estimator.
The matching elasticities of the unemployed and vacancies are significantly positive throughout all specifications. The estimated elasticity of matches with respect to the unemployed is higher than the matching elasticity with respect to vacancies, which is in line with the existing estimates for Germany (Burda/Wyplosz, 1994; Fahr/Sunde, 2004; Stops/Mazzoni, 2010; Stops, 2014a Stops, , 2016 . These matching elasticities remain qualitatively unchanged when introducing regional, occupational, and time fixed effects (specifications FE1 and FE2).
Specifications (FE3)-(FE5) include regional spillover terms of the unemployed and vacancies in nearby regions. The coefficient of the regional spillover term of the unemployed is significantly positive and smaller than the corresponding direct effect (|β U | >> |γ Ur |), whereas the coefficient of the regional spillover term of the vacancies is also significantly positive but larger than the corresponding direct effect (|β V | << |γ Vr |). Introduction of both regional spillover terms of the unemployed and vacancies in the nearby local areas to specification (FE5) does not change the magnitude of the corresponding coefficients in the specifications that includes only one of these both spillover terms (FE3) and (FE4).
Specifications (FE6)-(FE8) include spillover terms of the unemployed and vacancies from similar occupations. The coefficients of both occupational spillover terms are substantially lower than the corresponding direct effects (|β U | >> |γ Uo | and |β V | >> |γ Vo |). The spillover effect of the unemployed in similar occupations is significantly negative, whereas 4 Some of the related studies consider empirical specifications involving spatial lags of the dependent variable or the error term to empirically exploit matching efficiency on local labor markets, compare, e.g., with Lottmann (2012) ; Haller/Heuermann (2016) . We abstain from using such specification due to their sensitivity to the real data generating process (DGP), which makes identification of the "true" model impossible (Gibbons/Overman, 2012) . This implies that the real DGP should be reflected and assumptions on the real DGP should be well founded by theory (see Elhorst/Vega, 2015) . In our paper, we propose such a suitable theoretical model that allows for directly deriving and estimating a matching function with spillover effects using the explaining variables. The model does not describe a matching process that involves new hires on a local labor market that (at least partly) depends on (simultaneously generated) hires in other local labor markets. Our model also does not deliver reasons for the assumption that our estimation results suffer from an omitted variable bias of spatially dependent unobservables that potentially could, beside others, result in spatially dependent error terms. the spillover effect of vacancies in similar occupations is significantly positive. Considering the results of our theoretical model in appendix A, the unemployed affect the number of matches negatively because the negative indirect competition effect on the matching efficiency due to a lower individual job finding probability is stronger than the positive direct effect on the matching efficiency. The magnitudes of spillover coefficients in specification (FE6) with both occupational spillover terms of vacancies and unemployed remain virtually unchanged compared with the specifications (FE7) and (FE8) that include either the occupational spillover term of unemployed or the occupational spillover term of vacancies.
Specifications (FE9)-(FE11) include the combined regional and occupational spillover terms of the unemployed and vacancies in similar occupations in nearby regions. The combined regional and occupational spillover effect of the unemployed in similar occupations from nearby local areas is relatively small and significantly negative when it is separately included (specification FE9). The combined regional and occupational spillover effect of the vacancies in similar occupations from nearby local areas is significantly positive. In specification (FE11), with both effects, the sign of the spillover effect of the unemployed significantly changes and its magnitude is four times larger than in specification (FE9). Similar to specifications (FE3)-(FE5), the indirect effect of the unemployed in similar occupations from nearby local areas on matching elasticity is substantially smaller than the direct effect (|β U | >> |γ Uro |), while the indirect effect of the vacancies is notably higher than the direct effect (|β V | << |γ Vro |).
In specification (FE12) we include regional spillovers, occupational spillovers plus the combined regional and occupational spillover terms. The relative size of the direct effect of the unemployed and vacancies as well as the different spillover effects is robust compared with the previous specifications. However, the size of the direct effect of the unemployed and vacancies (β U and β V ) is affected by the introduction of the spillover terms.
Comparing β U and β V in (FE2) and (FE12) shows that neglecting spillover effects leads to an overestimation of the direct effects of the matching elasticity with respect to unemployed and vacancies. More specifically, comparison of (FE2) and (FE5) shows that negligence of regional spillovers results in overestimation of the matching elasticities, both with respect to unemployed and vacancies. Comparison of (FE2) and (FE8) reveals that negligence of occupational spillovers underestimates the matching elasticity with respect to the unemployed and slightly overestimates the matching elasticity with respect to vacancies.
We also conclude from specifications (FE6), (FE8), and (FE12) that the stock of unemployed from similar occupations intensifies competition among job seekers, leading to a lower efficiency of the matching technology. This corresponds to the indirect effect of the stock of unemployed on the job finding probability through the job search intensity, described by our theoretical framework in appendix A. All other spillover effects are significantly positive.
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Finally, the estimates of specification (FE12) reveal that the coefficients for regional spillovers sizably exceed the coefficients for occupational spillovers. The results suggest that positive regional spillovers alleviate the negative effect of the unemployed in similar occupations on the matching elasticity. This result corresponds also with the estimates of the combined regional and occupational spillover effects.
Robustness of the Occupational Spillover Estimates
As shown above, the usage of the (contiguity) occupational weights matrix adopted from Matthes/Burkert/Biersack (2008) delivers robust and significant estimates for occupational spillovers. Nevertheless, we provide robustness checks for the occupational weights matrix because this matrix is not derived from a "topology" that is naturally given, as is the case for local areas. Analogous to the methodology in Stops (2014a), we conduct an additional indirect validity test for our occupational weights matrix to verify that our estimated effects of occupational spillovers are non-random. In doing so, we construct 500 random matrices of "occupational topologies" that fulfill the following conditions:
contain the same amount of occupational segments (implying same size of segments as in the empirical "topology"); are symmetric; contain zeros at their main diagonal; and prevent occupations from the same empirical occupational segment to be in one random occupational segment.
Next, we re-estimate the fixed effects model of the occupational spillover effects in the matching function using our (contiguity) occupational weights matrix and the constructed random matrices. The regression equation is specified like equation (9) The point estimates and confidence intervals for the random matrices are substantially and significantly different from the estimates based on (contiguity) occupational weights matrix.
Although the size of the coefficients differs substantially, the coefficients from the estimations with random and empirical weight matrices exhibit same direction of influence on the matching technology. In particular, the sign of the coefficient of the randomly weighted unemployed is negative, whereas the sign of the coefficient of the randomly weighted vacancies is positive. Thus, we conclude that the estimation of occupational spillovers described in section 4 captures relationships due to tasks similarities within occupational segments that result in non-random occupational mobility. 
Conclusion
In this paper, we estimate an empirical matching function with regional spillovers, occupational spillovers, as well as combined regional and occupational spillovers. Our analyses rely on a highly disaggregated data set that contains information on new matches, unemployed and vacancies in local labor markets defined as a combination of the regional and the occupational dimensions. To the best of our knowledge, we provide the first empirical evidence on the simultaneous influence of regional and occupational spillovers on job matching.
We compute regional and occupational spillovers by computing the sum of stocks of unemployed and vacancies across all labor markets weighted by their regional proximity and occupational similarity. In total, we define three types of spillovers: regional spillovers given by the vacancies and unemployed in nearby regions, occupational spillovers given by vacancies and unemployed in similar occupations, and, lastly, combined regional and occupational spillovers given by vacancies and unemployed from nearby regions and similar occupations. We incorporate these spillovers into the specification for an empirical matching function that relates inflows into employment in a local labor market to vacancies and unemployed in the same local labor market. Thus, in addition to the direct matching elasticities of unemployed and vacancies that are observed on the same local labor market like the inflows in employment, we estimate the influence of spillover effects.
Our results reveal sizeable and significant direct matching elasticities and spillover effects.
In particular, we find positive regional spillover effects of both unemployed and vacancies in the nearby regions and positive occupational spillover effects of vacancies in similar occupations. In contrast, we find a negative occupational spillover effect of unemployed in similar occupations; this can be explained by the negative effect of the number of unemployed on their individual probability to find a job. However, this adverse effect is overbalanced by the positive influence of regional spillovers. We also find relative small positive combined occupational and regional spillover effects. In sum, the results suggest that local labor markets are susceptible to penetration, especially between nearby local areas. Therefore, we conclude that the estimates of the direct matching elasticities in local and occupational labor markets are biased if regional and occupational spillovers and their combination are 
A Model of Non-sequential Search
The "bulletin board" model proposed by Hall (1979) and Pissarides (1979) describes nonsequential job search. In the following, we combine the version by Burda/Profit (1996) , which incorporates the influence of the unemployed and vacancies from nearby local labor markets, with the version by Stops (2014a) , which considers mobility between different occupational markets. Thus, our model is able to explain the possible direct and indirect effects of the number of unemployed and vacancies in nearby local areas and similar occupations.
Consider an economy that is divided into L local areas, where it is possible to be employed in one of I occupations. The local areas and occupations are indexed by l = 1, . . . , L and i = 1, . . . , I. Within each local area l and occupation i there are u il identical unemployed workers and v il identical firms. Each firm searches for one worker to employ. In the center of each local area, there is an employment office that gathers information on all vacancies in all occupations and local areas, which then brings workers and firms together. All offices receive and publish the same information at the same time, due to, e.g., the existence of supra-regional Internet-based information services. The unemployed workers apply for jobs in their occupation i or in another occupation j = i, the application can be sent either to the employment office in their residence local area l or to another local area m = l. Moreover, the workers decide about their search intensity N ijlm , which can be measured by the number of applications sent for each occupation to each regional employment center.
Each application is a random draw and is associated with search costs c + aD lm + bD ij , where c, a and b are positive constants. D lm is the distance between the employment offices in the local areas l and m. D ij is the content dissimilarity between the current occupation of the unemployed and the occupation she applies for. Thus, the search costs linearly depend both on the net costs of applying to different local areas, as well as on the costs of gathering information to apply to another occupation. The search costs are minimum (= c) if an application is made within the current local area of residence and the current occupation, i.e., D lm = 0 and D ij = 0.
Following a successful search, the worker is employed in local area m in occupation j and receives wage w. The interest rate in the economy is r, such that the real wage is equal to w/r.
Given the current geographical location of the worker l and her current occupation i, she decides on the number of interviews in each local area m and occupation j. The worker knows about the probability, f jm , of getting a job in local area m and occupation j. The decision on the optimal number of interviews is yielded from maximization of net total expected benefit from the search:
The first term in equation (10) refers to the total expected benefit of a job match between a worker in local area l and occupation i and a vacancy in local area m and occupation j. For simplicity, we assume that unemployment does not yield any income. Furthermore, workers' search costs are assumed to be relatively small compared with expected returns to search. This implies that income effects from searches for jobs in the other local labor markets can be neglected and, therefore, workers can separately fix their optimal search intensities for each local labor market.
Solving for the optimal search intensity N * ijlm yields:
Thus, the optimal search intensity is a positive function of the ratio of expected gains and the search costs f jm w r (c + aD lm + bD ij ). Further derivations show that the optimal search intensity is increasing in wages, while decreasing in interest rate, in application fixed costs, and in the introduced distance parameters.
Taking partial derivative with respect to f jm yields:
It follows from equation (12) that the optimal search intensity N * ijlm is decreasing in the probability to find a job in another local area f jm if the expected benefits are much higher than the costs of search:
With the optimal intensity of search N * ijlm , the unconditional job finding probability for a local labor market in any local area and occupation can be defined. In the "bulletin board" type of model, the vacancy is filled if it is chosen by at least one worker. We assume that all vacancies in all regions and occupations are known by all job searchers, due to the bulletin board (here, it is allowed that i = j and l = m):
If at least one worker chooses a vacancy, then, according to the "bulletin board" type of model, this vacancy is filled. After all unemployed make their optimal number of applications in each occupation and local area
, the probability of a particular vacancy not being chosen is equal to:
Consequently, the unconditional job finding rate for each interview that is held in the targeted occupation j and the targeted local area m, is defined as the number of vacancies per job seeker weighted by their job finding probabilities:
Based on the previous calculations, the number of exits of unemployed into employment from occupation i and local area l, is defined as the number of vacancies per job seeker weighted by their job finding probabilities:
where u and v are the vectors of stocks of unemployed and vacancies in all local areas and all occupations. F il is the probability that an unemployed individual in occupation i and local area l receives at least one job offer.
This function of matches involves the unemployed and vacancies in all occupations and all local areas, giving rise to the possible regional and occupational spillovers:
According to equation (18), the direct effect of an increase of the unemployed stock in a local labor market, il, on the exit of unemployed into employment in the same local labor market is positive, which is a common finding in the literature on job matching. The equations (19) and (20) show us that exits into employment in occupation i and local area l are also influenced both by the stock of unemployed and vacancies in other occupations i = j and other local areas l = m. It can be further shown that the sign of , which determines the direct positive effect of the unemployed on the number of matches. At the same time, there is an indirect effect through N * ijlm , which can be shown to be negative under specific conditions. Thus, the model documents the relevance of occupational and regional spillovers. Nevertheless, the signs of their effects can be positive or negative and should be evaluated empirically. 
B Construction of the occupational segments
